Three forms of periodic acid can be postulated, in which iodine has coordination number 4, 5 or 6. In aqueous solution, the acid itself is the fully hydrated hexaoxoiodic(VII)acid, H 5IO 6, whereas the monoanion is predominantly tetraoxoiodate(VII), 1 0 4 ". Hydration to hexaoxoiodate(VII), HiIOö-, becomes more im portant with decreasing tem perature, but a t 25 °C its contribution to the total monoanionic species is only about 2%. Static methods have failed to detect the presence of the pentacoordinated monoanion, H2l0s~. D ata for the equilibrium constants of interconversion of the tetra-and hexaoxoiodate(VII)monoanions are available from u ltra violet1 and nuclear magnetic resonance2 spectro scopic measurements.
P e c h t and L u z 3 used 170 NMR to attem pt a kinetic analysis of periodate equilibria, and K u s t i n and L i e b e k m a n 4 employed the tem perature-jum p method in the pH range 3-5, but a t one tem perature only, 20 °C. Neither group was able to distinguish between a one-and a two-step process for the inter- conversion, and the presence of a pentacoordinated intermediate, though mechanistically desirable, remained a m atter for conjecture.
Our results from temperature-jump relaxation measurements confirm the insensitivity of relaxation time to pH in the range 3-6, and to total periodate concentration. The reciprocal relaxation time for the system, r _1, thus equals the sum of the overall hydration and dehydration rates, (fcH + &d ). These can be resolved using values reported in the literature for the equilibrium constant of the inter conversion2, (&d/&h).
The variation of t "1 with tem perature was in vestigated, and the values for k v and &h calculated therefrom produced linear Arrhenius plots, (see Figure) . The slope of the plot for the hydration rates, however, was positive, giving an apparently negative activation energy. This immediately excludes the possibility of a single-step inter conversion. Since no intermediate was detectable (only one relaxation process was observed), we have assumed th a t the steady-state approximation can be applied to the species H 2I 0 5~, if it exists as an intermediate in the following scheme: H 4I 0 6-= = H 2IO 5-+ H20 ^= = IO4-+ 2 H 20
The overall rate constants for dehydration and hydration can thus be expressed in terms of the fundamental rate constants for the two-step process. ki> = hi -k^Kk-i -f-ki) and kn = k-1 • &_2/(&_i -f k%) Two extreme cases for the relative values of k-1 and £2 can be considered which conform with the negligible concentration of the intermediate of reaction.
(a) k -1 &2. The overall dehydration rate, kr>-would then approxim ate to K i • kz and the hydration rate, kn, to k~ 1. The latter would thus be a fundam ental rate constant, which could not produce an apparently negative activation energy.
&2. In this case, k v approximates to &i, and kn to 1/K 2. Such conditions are consistent with an apparently negative activation energy for the hydration process, where the standard enthalpy change associated with the dehydra tion of the interm ediate is large and positive. This solution conforms with our kinetic data.
K r e n , D o d g e n and N y m e n 2 reported the stand ard enthalpy change for the overall dehydration equilibrium, A HJ, to be 62 kJ • mol-1. The standard free energy change, A G^, is therefore-8.3kJ -moh1 a t 25 °C, and the standard entropy change, A S^, is 236 J • mol-1 • K -1 a t 25 °C. The liberation of two water molecules to the bulk solvent on dehydration from one molecule-ion HjIOß-to 1 0 4 " is analogous to the melting of two molecules of ice to water, the entropy change for which is 44 J • m ob1 • K -1 . The much larger standard entropy change for the periodate intercon version, therefore, reflects a dram atic alteration in the ordering of solvating water molecules. C r o u t h a m e l et a l.1 reached a similar conclusion from a calculation of zlSv, the entropy change for vaporisation of one mole of the ion from its standard state in solution. The differ ence in values calculated for H JO ö-and 1 0 4 " was 96 J • mol-1 • K _1, which is considerably less than their result for the standard entropy change for the dehydration in solution, namely 184 J • mol-1 • K -1 .
F urther therm odynamic parameters for the system can be obtained from the tem perature dependence of kn, which approximates to ki.
